Expression of Bcl-2 in multiple myeloma is associated with resistance to chemotherapeutic drugs. Conversely, suppression of Bcl-2 enhanced the chemosensitivity of myeloma cells in vitro. G3139 is an antisense oligodeoxynucleotide targeted to the first six codons of the Bcl-2 mRNA open reading frame. In this study, G3139 was delivered as a continuous intravenous infusion for 7 days at a fixed dose of 7 mg/kg/day in combination with VAD (vincristine, adriamycin, and dexamethasone) chemotherapy. In total, 10 heavily pretreated patients with refractory myeloma participated in this trial, including eight patients with VAD refractory disease. The combination of G3139 and VAD was feasible and well tolerated. Seven patients (70%) responded including four patients (40%) with a partial response and three patients (30%) with a minor response. Median progression-free survival was 6 months (range, 2-7 þ months) and median overall survival has not been reached. G3139 downregulated Bcl-2 protein levels in peripheral blood circulating myeloma cells, B cells, T cells, and monocytes. These results indicate that G3139 may overcome classical resistance and restore sensitivity of myeloma tumor cells to VAD chemotherapy.
Introduction
Multiple myeloma is characterized by the accumulation of monoclonal plasma cells in the bone marrow. The emergence of drug-resistant disease is the primary cause of treatment failure in myeloma. Well-established mechanisms of drug resistance for myeloma tumor cells in vitro are mutations or altered expression of target genes, [1] [2] [3] [4] increased drug metabolism, 5 changes in drug accumulation, [6] [7] [8] [9] [10] [11] and increased repair of drug-induced damage. 12 Recent studies have demonstrated that defects in apoptotic pathways contribute significantly to resistance of cancer cells to chemotherapeutic drugs. [13] [14] [15] Tumor cells, which are unable to undergo programmed cell death, are therefore resistant to chemotherapeutic agents.
Bcl-2 is a potent enhancer of cell viability through the inhibition of apoptotic death in various cell lines. Bcl-2 is expressed in myeloma cell lines and in myeloma patients' samples despite the absence of molecular evidence of Bcl-2 rearrangements. [16] [17] [18] [19] [20] [21] [22] Bcl-2 inhibits apoptosis by forming inactivating heterodimers with proapoptotic Bcl-2 family proteins, and by preventing the collapse of the mitochondrial transmembrane potential, the release of cytochrome c and Smac/DIABLO from mitochondria into the cytosol, and the activation of caspases. [23] [24] [25] [26] Overexpression of Bcl-2 in transgenic mice prolongs the lifespan of plasma cells and in combination with abnormal expression of other oncogenes such as c-Myc, contributes to the development of immature pre-B-cell lymphoma, large-cell lymphoma or plasmacytoma in 40-60% of the mice. 27, 28 This suggests a role for Bcl-2 in the etiology of myeloma. Gene transfer-mediated overexpression of Bcl-2 in myeloma cells has been reported to block the process of chemotherapy-induced apoptosis. 29, 30 In addition, Bcl-2 protein levels increased following exposure of cell lines to doxorubicin, which may account for the relative resistance to a second doxorubicin exposure. 29 We and others have shown that specific downregulation of Bcl-2 protein by Bcl-2 antisense oligodeoxynucleotide (ODN) restored chemosensitivity in chemoresistant myeloma cell lines and in primary myeloma cells from patients. [31] [32] [33] G3139 is an 18-mer fully phosphorothioated antisense ODN targeted to the first six codons of the Bcl-2 mRNA. Preclinical studies showed that G3139 was effectively taken up by myeloma cells, decreased Bcl-2 mRNA levels and protein levels, and sensitized myeloma cells to chemotherapeutic agents including dexamethasone and doxorubicin. 32, 33 Furthermore, G3139 as a single agent has resulted in tumor regression in patients with relapsed non-Hodgkin's lymphoma (NHL) 34, 35 and chronic lymphocytic leukemia. 36 Studies in patients with metastatic melanoma, 37 chemorefractory small-cell lung cancer, 38 metastatic hormone-refractory prostate cancer, 39 colorectal cancer, 40 and in refractory/relapsed acute leukemia 41 showed that G3139 can be administered safely in combination with chemotherapy. 42 Based upon these data, we initiated a phase 2 study of G3139 in combination with vincristine, adriamycin, and dexamethasone (VAD) in patients with heavily pretreated multiple myeloma including patients with disease resistant to VAD, thalidomide, and other chemotherapy regimens.
Patients, materials and methods

Criteria for enrollment
Patients up to 75 years of age with multiple myeloma refractory to or relapsing after completion of at least two lines of chemotherapy that included VAD chemotherapy and with satisfactory venous access for 7-day infusion were eligible for the study. Criteria for exclusion were World Health Organization (WHO) performance status 4; severe cardiac, pulmonary, neurologic, metabolic, or psychiatric disease; absolute neutrophil count o1000/mm 3 and platelets o50000/mm 3 ; need for transfusion support; inadequate liver function; creatinine clearance o40 ml/min; prior malignant disease except nonmelanoma skin tumors or stage 0 cervical carcinoma; therapy for myeloma within 3 weeks prior to start G3139 in combination with VAD; active uncontrolled infections; known hypersensitivity to phosphorothioate-containing oligodeoxynucleotides, dexamethasone, or doxorubicin; and use of any investigational therapy within 4 weeks prior to registration. Approval was obtained from the University Medical Center Utrecht institutional review board for these studies (01/227-E). Written informed consent was obtained from all patients before inclusion. The study was performed according to the Helsinki agreement.
Study protocol
G3139 (Genasenset, oblimersen sodium; Genta Inc., Berkeley Heights, NJ, USA; 5 0 -TCT CCC AGC GTG CGC CAT-3 0 ) was delivered as a continuous intravenous infusion using a portable pump on days 1-7 at a dose of 7 mg/kg/day. Infusion sites were changed when early signs of inflammation were observed. VAD was started at day 4 of the G3139 infusion. The VAD regimen consisted of daily doses of 0.4 mg vincristine and 9 mg/m 2 doxorubicin on days 4-7. G3139 infusion was temporarily interrupted when doxorubicin and vincristine were administered by rapid intravenous infusion 43 through the same line. Dexamethasone (40 mg) was given orally on days 4-7 on even cycles and on days 4-7, 12-15, and 20-23 on odd cycles of VAD. The treatment cycles were repeated at 4-week intervals. Three courses of treatment were planned per patient, but additional courses could be administered in the case of response. Antibacterial and antifungal prophylaxis was given according to the local guidelines. Adverse events were graded according to the National Cancer Institute (NCI) Common Toxicity Criteria (CTC) version 2.0 (http://ctep.info.nih.gov).
Evaluation of response
Response evaluation was performed according to the Blade criteria. 44 Partial response (PR) was defined as 50% or more reduction of monoclonal immunoglobulins (M-protein) in serum and/or urine or more than 50% reduction of bone marrow infiltration in nonsecretory myeloma. Minor response (MR) was defined as 25-50% reduction of M-protein in serum and/or urine or 25-50% reduction of bone marrow infiltration in nonsecretory myeloma. Complete response (CR) was defined as no Mprotein measurable in serum and/or 10 times concentrated urine by immunofixation analysis and less than 5% plasma cells that had to be polyclonal by immunofluorescence staining. Patients with a reduction of less than 25% of M-protein in serum and/or urine or of bone marrow infiltration were considered to be refractory. Relapse from CR was defined as recurrence of Mprotein in serum and/or urine measured by immunofixation on at least two occasions. Progression from PR or MR was defined as an increase in serum and/or urine M-protein levels or bone marrow infiltration by more than 25% on two consecutive measurements or any increase of M-protein in the presence of clinical evidence of disease progression.
Immuno-FISH analysis
To detect a (partial) deletion of chromosome 13, FISH analysis using the commercially available SpectrumOrange-conjugated probe LSI13 (Rb1) (Vysis, Downers Grove, IL, USA) was performed according to the manufacturer's guidelines with minor modifications and combined with immunological staining of the cytoplasmatic Ig light chains to positively identify plasma cells as described previously. 45 Signals of the probe were detected by standard procedures. We intended to analyze a total of 100 plasma cells in each patient. A patient was considered as having deletion of chromosome 13 when the percentage of plasma cells with a deletion exceeded 20%.
Quantification of Bcl-2 by flow cytometry
Bcl-2 protein levels were determined in myeloma plasma cells
in bone marrow prior to start of G3139 treatment and in peripheral blood circulating myeloma
þ cells, and CD14
þ cells at days 0 and 4 of the treatment cycle by analysis of at least 5000 positively gated cells by flow cytometry. However, in circulating myeloma cells Bcl-2 protein levels were determined by analysis of 1500 positively gated cells, but when the percentage of circulating myeloma cells was low at least 300 cells were analyzed. Peripheral blood or bone marrow mononuclear cells, which were obtained by Ficoll-Paque (Amersham; Pharmacia BiotechAB, Uppsala, Sweden) density centrifugation, (1 Â 10 6 ) were fixed and permeabilized using the FACS Lysing Solution (FLS, 10% in aqua destillata; Becton Dickinson, Erembodegem, Belgium (BDIS)) and subsequently incubated with anti-Bcl-2-FITC (IgG1, Dako, Glostrup, Denmark) antibody or the isotype-and subclass-matched control antibody. All incubations were performed at room temperature for 30 min. Cells were then incubated with mouse serum for 15 min at room temperature, and subsequently incubated with CD3-PE (BDIS), CD14-APC (BDIS), and CD19-Percp Cy5.5 (BDIS) or with CD38-APC (BDIS), CD138-PE (Immunotech, Marseille , France), and CD45-PERCP (BDIS) for 15 min at room temperature, and analyzed on a FACSCalibur (BDIS). Between different steps the cells were washed with PBS. The mean fluorescence ratio (MFR), defined as the ratio of the mean fluorescence intensities (MFI) of primary antibody and isotype control stained cells was used as a measure for Bcl-2 expression.
Flow cytometric analysis of lymphocyte subsets
Lymphocyte populations were analyzed using four-color flow cytometry at days 0, 4, and 7 of each treatment cycle. Peripheral blood, collected in sodium heparin, was stained at room temperature with a panel of antibodies, lysed using FACS Lysing Solution (BDIS), washed with PBS, and analyzed on a FACSCalibur (BDIS). The following antibody combinations were used to analyze the lymphocyte populations: CD3, CD16 þ 56, CD45, CD19, and CD8, CD4, CD45, CD3. CD3, CD4, CD8, CD19, and CD45 were obtained from BDIS and CD16 þ 56 was derived from Immunotech. B cells were defined as CD3
Absolute counts of a certain lymphocyte population were calculated by multiplying the total white blood cell (WBC) count by the frequency of that population in the lymphocyte gate and by the fraction of total WBCs included in the lymphocyte gate.
Statistical analysis
Data analysis was performed using the SPSS statistical software package (SPSS, Chicago, IL, USA). Correlations were calculated by using the Spearman test. Correlations were considered significant when Po0.05.
Results
Patient characteristics
In total, 10 patients were enrolled in this study. Clinical characteristics are shown in Table 1 . There were five male and five female patients. Median age was 56 years, with a range of 39-64 years. All patients were heavily pretreated and had received a median of four previous chemotherapy regimens (range, 2-6) ( Tables 1 and 2 ). Eight patients (80%) had VAD refractory disease ( Table 2 ). Deletion of chromosome 13 (del13) was present in seven out of nine evaluable patients (77.8%). The percentage of Ki-67-positive myeloma cells ranged from 0 to 70% (median 2%). In nine patients, Bcl-2 was determined in bone marrow myeloma cells by flow cytometry prior to start of therapy. No material for analysis was available from patient 2. Bcl-2 protein levels, expressed as mean fluorescence ratio, varied among patients (median 12.2; range: 2.4-27.4).
Treatment
A total of 29 cycles of G3139 and VAD have been administered (Table 1) . Five patients received only two cycles: three patients because they were refractory, one responsive patient because of progression just before the third course, and one patient because of pulmonary aspergillosis (patient 10). Three cycles were administered to three patients. Two patients received four and six treatment cycles, respectively.
Disease response
Seven patients (70%) responded to the combination of G3139 and VAD, including four patients (40%) with a partial response and three (30%) with a minor response ( Table 2 ). Five of the seven responders had VAD refractory disease, including three patients who sequentially received VAD alone followed by the combination of G3139 and VAD (patients 5, 9, and 10) ( Table 2 ). In addition, three of the seven responding patients had thalidomide/dexamethasone refractory disease and one had thalidomide refractory disease. Patient 2 had VAD and thalidomide/dexamethasone refractory disease and obtained only a minor response after allogeneic stem cell transplantation, but achieved a partial response on the current protocol (Table 2) . Three patients did not respond. Del13 was present in five out of six responding and in two out of three nonresponding patients. No obvious differences were observed in the Ki-67 growth fraction and Bcl-2 protein levels of myeloma cells between responding and nonresponding patients. Among the responding patients, five had anemia at baseline. Hemoglobin levels increased in three patients, decreased in one patient, and remained unchanged in one patient. Responses were associated with increases in Karnofsky's performance-status scores in four (57%) patients and improvement of pain in seven (100%) patients. Four out of seven responding patients relapsed, whereas response persists in three patients. Median progression-free survival of these patients was 6 months (range, 2 to more than 7 months) without any further therapy before relapse 
Cycles indicates the total number of cycles of G3139 in combination with VAD, which was administered; VAD, vincristine, doxorubicin, and dexamethasone; IDM, intermediate-dose melphalan; CVP, cyclophosphamide, vincristine, and prednisone; Thal, thalidomide; dexa, dexamethasone; alloSCT, allogeneic stem cell transplantation; autoSCT, autologous stem cell transplantation; TAD, thalidomide, doxorubicin, and dexamethasone; DLI, donor lymphocyte infusion; MP, melphalan and prednisone; MR, minor response; PR, partial response; CR, complete response; refr, refractory; PFS, progression-free survival in months; OS, overall survival in months.
occurred. The median overall survival for all patients to date exceeds 12 months (range, 3 to more than 16 months). Three patients have died of progressive disease (Table 2) .
Toxicity
At the start of treatment, anemia was present in eight patients (six grade 1, and two grade 2), leucopenia was present in four (one grade 1, three grade 2), neutropenia in four (one grade 1, two grade 2, one grade 3), lymphopenia in two (one grade 1, one grade 2), and grade 1 thrombocytopenia in two patients. Hematological toxicity during the first cycle and during all cycles is shown in Table 3 . Nonhematological adverse events are shown in Table 4 . There were no grade 4 nonhematological adverse events. The most common events were fatigue in five patients (grade 1 in three patients, and grade 2 in two patients). Nine patients had a grade 1 local inflammatory reaction at some time during treatment around the peripheral infusion site. One patient (patient 5) developed skin and subcutaneous tissue necrosis (grade 3) during administration of G3139 before start of chemotherapy. This was likely the consequence of extravasation of G3139 and the patient failed to seek medical attention despite symptoms for more than 24 h. The local skin inflammation around the infusion site could be prevented if the infusion site was changed every 2 or 3 days in all patients. Furthermore, three patients (5, 9, 10) underwent placement of a central venous catheter. One of these patients (patient 5) developed a catheter-related venous thrombosis and patient 10 had a catheter-related infection. Patients 4 and 10 developed grade 3 infections.
Effect of treatment on Bcl-2 protein levels in peripheral blood circulating myeloma cells, B cells, T cells, and monocytes
In peripheral blood from patients 3, 4, 5, 6, 9, and 10 more than 0.01% circulating myeloma cells were detected (range: 0.01-4.0%), enabling analysis of Bcl-2 protein levels in these cells. In the other patients, the level of peripheral blood infiltration was too low, to reliably quantify Bcl-2 protein expression. Bcl-2 protein expression was determined by flow cytometry at day 0 before treatment and at day 4 of G3139 infusion prior to initiation of VAD. After 4 days of G3139 treatment, Bcl-2 protein levels in circulating myeloma cells were reduced in four out of six patients (median change: À13.3%) ( Table 5 ). Bcl-2 protein expression was also determined by flow cytometry in peripheral blood T cells (CD3 þ ), B cells (CD19 þ ), and monocytes (CD14 þ ). This analysis was performed during cycle 1 (patients 1, 2, 6, 7, 9, and 10) or cycle 2 (patients 3, 5, and 8). Treatment for 4 days with G3139 resulted in a reduction of Bcl-2 protein levels in B cells in nine out of nine patients when compared with baseline values (median change: À25.0%). In monocytes, Bcl-2 protein levels were reduced in eight out nine patients on day 4 (median change: À21.8%). Bcl-2 protein levels were reduced in T cells in six out of nine patients on day 4 (median change: À16.4%) ( Table 5 ).
Effect of treatment on circulating leucocytes and thrombocytes
In eight patients, the effect of treatment on numbers of circulating lymphocytes, monocytes, granulocytes, and thrombocytes in peripheral blood was determined on days 0, 4, 7, and 28 of cycle 1 (patients 2, 4, 6, 7, 9, and 10) or cycle 2 (patients 3 and 8) ( Table 6 ). The largest effect was observed in B cells, which showed mean reductions of 50.9% on day 4 before start of VAD and 36.5% on day 7, when compared with baseline numbers. There was a minor reduction of T cells on day 4 and a more profound reduction on day 7. This was due to a decrease of both CD4 þ and CD8 þ T cells. Natural killer (NK) cells either increased (n ¼ 5) or decreased (n ¼ 3) after 4 days of G3139 treatment. However, on day 7 NK cells were reduced in all patients. Both on days 4 and 7, a reduction in monocytes was observed. G3139 did not affect granulocytes on day 4, but on day 7 there was a significant increase in the number of granulocytes, which was probably related to administration of dexamethasone. Thrombocytes were reduced on days 4 and 7. T cells (CD4 and CD8) and monocytes returned to baseline or near-baseline values on day 28 prior to start of the following Table 3 Hematological toxicity in patients treated with G3139 and VAD No. of patients with event of common toxicity criteria during first cycle (all cycles; n ¼ 29) No. of patients with event of common toxicity criteria during first cycle (all cycles; n ¼ 29)
Toxicity
Grade 1 Grade 2 Grade 3 Grade 4 
Discussion
We evaluated the effect of Bcl-2 antisense in combination with VAD chemotherapy in heavily pretreated multiple myeloma patients who failed previous therapy. Most patients had additional unfavorable prognostic factors like deletion of chromosome 13 or a high Ki-67 growth fraction. G3139 was administered as a continuous intravenous infusion from day 1 to day 7 at a dose of 7 mg/kg/day. VAD was started at day 4 of the G3139 infusion. The combination and sequential application of G3139 and VAD was based on our preclinical data that showed that the maximum decrease in Bcl-2 protein expression occurred after 4 days of treatment with G3139, which, although did not directly induce apoptosis, significantly enhanced sensitivity of myeloma tumor cells to chemotherapeutic agents. 32 In this study, seven of the 10 patients (70%) responded including four patients (40%) with a partial response and three (30%) with a minor response. Five of the seven responders had VAD refractory disease, including three patients who sequentially received VAD followed by the combination of G3139 and VAD. Responses were associated with increased hemoglobin levels and performance status, and improvements in disease symptoms including pain. These data indicate that Bcl-2 antisense may overcome classical drug resistance and restore the sensitivity of myeloma tumor cells to VAD chemotherapy. Median progression-free survival was 6 months, which is usual for this category of patients, 46, 47 and the median overall survival has not been reached. A larger group of patients followed prospectively will be needed to further establish the possible benefit of introducing Bcl-2 antisense in myeloma treatment.
G3139 and VAD could be administered safely in heavily pretreated myeloma patients. The safety profile is similar to experiences reported in patients with refractory/relapsed acute leukemia, 41 metastatic melanoma, 37 chemorefractory small-cell lung cancer, 38 or metastatic hormone-refractory prostate cancer 39 treated with G3139 and different cytotoxic agents. The combination of G3139 with chemotherapy was feasible and the toxicity pattern was not substantially different from that observed with the chemotherapy drugs alone. In the current study, the only unexpected event was a local inflammatory reaction around peripheral intravenous infusion sites. Particular attention needs to be paid to monitoring the intravenous sites if patients are receiving G3139 and doxorubicin in peripheral veins. Hematological toxicity may be primarily attributable to VAD chemotherapy and was predominantly observed in patients with cytopenias at baseline. Patient 8 developed grade 2 anemia, grade 3 leucopenia, neutropenia, and thrombocytopenia, and grade 4 lymphopenia, which were probably due to advanced infiltration of bone marrow. Reduction of absolute numbers of platelets and fatigue were observed during G3139 infusions that precede VAD chemotherapy and are adverse events that were also reported in trials evaluating other phosphorothioate oligodeoxynucleotides, 48, 49 suggesting that these effects resulted from nonsequence specific effects and can be attributed to the phosphorothioate backbone of the oligodeoxynucleotide molecule.
G3139 treatment for 4 days moderately reduced Bcl-2 protein levels in peripheral blood circulating myeloma cells, B cells, T cells, and monocytes in the majority of the patients. Similar moderate reductions of Bcl-2 were found in other studies evaluating G3139. 35, 37, 41 However, although the number of patients is small, there seems to be no correlation between Bcl-2 protein downregulation and response to G3139 in combination with VAD. G3139 administration alone preceding chemotherapy resulted in a transient reduction of absolute numbers of circulating lymphocytes, monocytes, and thrombocytes, but did not alter the number of circulating neutrophils or NK cells. We further show for the first time that the decline in circulating lymphocytes is due to reduction of B cells and to a lesser extent of T cells (CD4 and CD8). After completion of the treatment course, there was a full recovery of the number of circulating T cells and monocytes and a partial recovery of platelets and B cells. This is in agreement with studies indicating that Bcl-2 is not essential for survival of pluripotent hematopoietic stem cells, 50 and therefore Bcl-2 downregulation by G3139 treatment will not result in a loss of renewal potential for normal hematopoietic cells. The transient reduction of B cells and T cells by G3139 is likely related to a sequence-specific Bcl-2 downregulation in these cells. First, survival of mature B and T (CD4 and CD8) cells has been shown to be critically dependent on Bcl-2 protein expression. 50 Furthermore, there was a trend towards a correlation between downregulation of Bcl-2 protein in B and T cells and decline of circulating lymphocytes. Moreover, although lymphopenia was also reported in other studies evaluating G3139, 35, 37, 39 there have been no reports of lymphopenia in clinical trials of other phosphorothioate antisense molecules developed to inhibit other targets. 48, 49 This Table 6 Effect of G3139 combined with VAD on numbers of circulating leucocytes and thrombocytes (presented as the change from baseline in %) Bcl-2 antisense in refractory myeloma NWCJ van de Donk et al decrease in B and T cells together with the responses observed in refractory myeloma patients suggests that the Bcl-2 protein reduction induced by G3139 treatment was functionally relevant.
In conclusion, G3139 induced significant clinical responses when combined with VAD chemotherapy in patients with (VAD) refractory disease. The combination of Bcl-2 antisense and VAD chemotherapy was feasible and well tolerated. The results of this trial warrant exploration of Bcl-2 antisense in earlier-stage disease.
